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(57) Abstract 



A semiconductor 
wafer support for use 
in a themial processing 
chamber includes a 
shelf for receiving a 
semiconductor wafer. The 
wafer support is formed of 
a silicon carbide substrate 
having a poly silicon layer 
disposed on the substrate, 
and a silicon nitride layer 
disposed on the polysilicon 
layer. A method of 
forming the multi-layered 
semiconductor wafer 
support is also disclosed. 
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SUBSTRATE SUPPORT F OR A THKRMAL PROCESSING CHAMBER 

Background 

This invention relates to a substrate support for a 
thennal processing chamber. 

In many semiconductor device manufacturing 
processes, the required high levels of device performance, 
yield, and process repeatability can only be achieved if the 
temperature of the substrate (e.g., a semiconductor wafer) 
is tightly monitored and controlled during processing of the 
substrate . 

Rapid thermal processing (RTP) , for example, is used 
for several different fabrication processes, including rapid 
thermal annealing (RTA) , rapid thermal cleaning (RTC) , rapid 
thermal chemical vapor deposition (RTCVD) , rapid thermal 
oxidation (RTO) , and rapid thermal nitridation (RTN) . The 
temperature in an RTP chamber, however, may exceed 1100 ^'C 
and is subject to rapid change, thereby making precise 
control of the substrate temperature more complicated and 
more difficult. 

Additionally, although it is desirable to provide a 
substantially uniform temperature throughout the substrate 
during mauiy manufacturing processes, the support on which 
the siabstrate rests can affect the manufacturing system's 
ability to achieve such uniformity. In susceptorless 
systems, for example, the substrate is usually only 
supported around its perimeter with an edge ring. In some 
situations, however, the edge ring acts as a thermal load 
which removes heat from the edge of the substrate, thereby 
making it difficult to provide a uniform temperature across 
the substrate and interfering with temperature measurements. 
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Summary 

In general, in one aspect of the invention, a semi- 
conductor wafer support includes a shelf for receiving a 
semiconductor wafer. The support is formed of a silicon 
carbide substrate, a polysilicon layer disposed on the 
silicon carbide substrate, and a silicon nitride layer 
disposed on the polysilicon layer. In one implementation, 
the wafer support is an edge ring that includes an annular 
support for receiving a semiconductor wafer. 

In another aspect, a method of forming a 
semiconductor wafer support includes forming a silicon 
carbide substrate, providing a polysilicon layer on the 
substrate, and providing a silicon nitride layer on the 
polysilicon layer. The substrate can be annular- shaped. 

Various implementations include one or more of the 
following features. The edge ring or other wafer support 
can be disposed in a thermal semiconductor processing 
chamber. The polysilicon layer, which can include intrinsic 
or doped polysilicon, can be disposed directly on the 
silicon carbide substrate. Similarly, the silicon nitride 
layer can be disposed directly on the polysilicon layer. 
The polysilicon and silicon nitride layers can cover 
substantially the entire surface of the silicon carbide 
substrate . 

in one implementation, the silicon nitride layer has 
a thickness in the range of 1800-2000 angstroms, and the 
polysilicon layer has a thickness of approximately 100 
microns. Other thicknesses, however, can be used for either 
or both of the layers. Thus, the silicon nitride layer can 
have thicknesses of less than or more than 2000 angstroms. 
The silicon nitride layer can form an anti-reflective 
coating . 



- 2 



): <VVO 9941773A1 J_> 



wo 99/41773 



PCT/US99/02742 



Although the wafer support or edge ring can be made 
using many different techniques, according to one technique, 
the polysilicon layer is grown in an epitaxial reactor, and 
the silicon nitride layer is grown using a low pressure 
chemical vapor deposition process. 

Various implementations include one or more of the 
following advantages. The addition of the silicon nitride 
layer can improve the emissivity of the edge ring or other 
substrate support. In some systems, an RTP temperature 
controller measures the chamber temperature and determines 
the power required to affect a temperature change. The 
higher emissivity of the edge ring allows it to absorb or 
emit the radiation from a heating element more quickly. The 
edge ring can, therefore, respond more quickly to 
temperature changes. 

The silicon nitride layer also can prevent formation 
of an oxide layer during processing, thereby resulting in a 
more uniform temperature across the semiconductor substrate 
and more accurate temperature measurements. In addition, 
the silicon nitride layer can help reduce the occurrence of 
failures to a heating element in the chamber. Furthermore, 
the silicon nitride layer can act as a diffusion barrier to 
prevent impurities that may be present in the poly-Si layer- 
from contaminating a semiconductor substrate supported by 
the edge ring . 

Use of the silicon nitride layer allows the edge 
ring to behave like an extension of the substrate so that 
the temperatures and temperature changes of the edge ring 
and substrate coincide more closely with one another. As a 
result, the energy entering the chamber in which the edge 
ring is disposed can he more balanced throughout different 
parts of the chamber, and groups of lamps in the heating 
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element can be more easily controlled by the RTP temperature 
controller. 

Additional features and advantages will be readily 
apparent from the following detailed description, drawings 
and claims . 

Brief Description of t he Drawings 

FIG. 1 is an elevated partial cross-sectional view 
of an RTP system according to the present invention. 

FIG. 2 is a cross-sectional side view of the RTP 
system according to the present invention. 

FIG. 3 is a plan view of an edge ring according to 
the present invention. 

FIG. 4 is a cross-sectional side view of the edge 

ring of FIG. 3 along line 3-3. 

FIG. 5 is a cross-sectional side view of the edge 
ring of FIG. 3 illustrating further details according to one 
implementation of the present invention. - 

FIG- 6 is a flow chart for making an edge ring 
according to one implementation of the present invention. 

Detailed Descri ption 

FIGS. 1 and 2 illustrate a rapid thermal processing 
(RTP) system including a processing chamber 100 for 
processing a disk-shaped silicon substrate 106. Various 
features of the RTP system are described in further detail 
in co-pending U.S. Patent Application Serial No. 08/641,477, 
entitled "Method and Apparatus for Measuring Substrate 
Temperatures", filed on May 1, 1996, which is incorporated 
herein by reference. 

The substrate 106 is mounted inside the chamber on a 
substrate support structure 108 and is heated by a heating 
element 110 located directly above the substrate. The 
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heating element 110, which can include tungsten (W) halogen 
lamps 111, generates radiation 112 which enters the 
processing chamber 100 through a water-cooled quartz window 
assembly 114 disposed above the substrate. The lamps 111 
can be arranged in multiple zones which are grouped together 
in several control groups. A temperature control algorithm 
is used to control the lamps and, thereby to control the 
temperature. Beneath substrate 106 is a reflector 102 which 
is mounted on a water-cooled, stainless steel base 116. The 
reflector 102 can be made of aluminum and has a highly 
reflective surface coating. The underside of substrate 106 
and the top of reflector 102 form a reflecting cavity 118 
for enhancing the effective emissivity of the substrate, 
thereby improving the accuracy of temperature measurement. 

The temperatures at localized regions 109 of the 
substrate 106 are measured by a plurality of temperature 
probes 126 and pyrometers 128. The temperature probes 126, 
which can include fiber-optic probes, are distributed at 
vairying distances from the center of the substrate 106. 

During thermal processing, the support structure 108 
is rotated. In one implementation, for example, the support 
structure is rotated at about 90 revolutions per minute. 
Thus, each probe samples the temperature profile of a 
corresponding annular ring area on the substrate. The 
support structure which rotates the substrate includes an 
edge ring 134 which contacts the substrate around the 
substrate's outer perimeter, thereby leaving all of the 
underside of the substrate exposed except for a small 
annular region about the outer perimeter. 

The edge ring 134 rests on a rotatable tubular 
quartz cylinder 136 that is coated with silicon to render it 
opaque in the frequency range of pyrometers 128. The 
silicon coating on the quartz cylinder acts as a baffle to 
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block out radiation from external sources that might disturb 
the temperature measurements. The bottom of the quartz 
cylinder is held by an annular upper bearing race 14 2 which 
rests on a plurality of ball bearings 138 that are, in turn, 
held within a stationary, annular, lower bearing race 140. 

Referring to FIGS. 3 and 4, edge ring 134 includes 
an annular shelf or lip 13 5 upon which the edge of substrate 
106 rests. For an 8-inch (200 mm) semiconductor wafer, the 
edge ring 134 can have a outer diameter (d) of approximately 
9.3 inches, and an inner diameter (D) of approximately 7.6 
inches (190 mm) . The annular shelf or lip 135 can have a 
radial width (w) of approximately 0.2 inches (5 mm) . The 
edge ring 134 can also include an annular rib 137. The rib 
137 provides structural support for the edge ring 134 . The 
foregoing dimensions are suitable for use of the edge ring 
134 in certain processing chambers, such as the RTP Centura" 
or the RTP Centura XE manufactured by Applied Materials, 
Inc. Other dimensions may be suitable for wafers of 
different sizes, for example, a 12-inch (300 mm) 
semiconductor wafer, or different processing systems. 

Referring to FIG. 5, the main body of the edge ring 
134 is formed from a silicon carbide (SiC) substrate 150. 
However, SiC is transparent to radiation in the frequency 
range used for temperature measurements of the substrate, 
and as a result, can transmit stray radiation that may 
affect the accuracy of the temperature measurement. 
Therefore, the edge ring 134 is coated with a layer of 
polysilicon (poly-Si) 152 to render it opaque to such 
radiation. In one implementation, a layer of intrinsic or 
doped poly-Si having a thickness of approximately 100 
microns (/xm) is formed directly over the entire top, bottom 
and side surfaces of the SiC substrate 150. 
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Providing a doped poly-Si layer on the SiC substrate 
can improve the low temperature absorption or emissivity of 
the edge ring 134 in the infrared range. That feature is 
advantageous because the temperature probes 126 and 
pyrometers 128 begin to detect temperatures of approximately 
325 as the temperature of the wafer in the chamber 100 is 
raised. In some implementations, lower temperatures, for 
example, temperatures in the range of approximately 200-300 
are detected. By increasing the emissivity of the edge 
ring 134 in the infrared range, the edge ring 134 can be 
heated more quickly so that the edge ring does not act as a 
thermal load taking away heat at the edges of the 
semiconductor wafer 106 . 

The edge ring 134 further includes a layer of 
silicon nitride (SiaNiJ 154 disposed directly on the poly- 
Si layer 152. In one implementation, a S±^N±^ layer 154 of 
approximately 1800-2000 angstroms (A) is formed over the 
entire surface of the poly-Si layer 152. In another 
implementation, a SijNi^ layer 154 as thin as approximately 
1200 angstroms (A) is formed over the poly-Si layer 152. 
SijNi^ layers having thicknesses less than 12 00 angstroms or 
greater than 2000 angstroms also can be used. 

In general, the Si3Ni4 layer 154 can improve the 
emissivity of the edge ring 134. The higher emissivity of 
the edge ring 134 makes it more responsive to the RTP 
temperature controller. 

It has been observed, for example, that when an edge 
ring formed of SiC with an outer layer of poly-Si is heated 
during the manufacturing of a semiconductor substrate, an 
oxide layer can form on the poly-Si layer. The oxide layer 
typically grows at a different rate at the inner periphery 
of the edge ring 134 than at the outer peripheiry. The 
build-up of the oxide layer causes the portions of the edge 
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ring 134 near the inner periphery to heat up more quickly 
than portions of the edge ring near the outer periphery. 
Moreover, formation of an oxide layer on the underside of 
the edge ring 134 , particularly in the vicinity of the 
annular shelf or lip 135, can effect measurements obtained 
through the temperature probes 126 as radiation is emitted 
or reflected from the underside of the edge ring 134 . 

The addition of the Si3Ni4 layer 154 can slow down or 
prevent formation of the oxide layer, thereby resulting in a 
more uniform temperature across the semiconductor substrate 
and more accurate temperature measurements . 

In addition, use of the SijNi^ layer 154 can reduce 
the power consumption of some of the lamp zones in the 
heating element 110 . Even if the total weighted energy is 
higher when the edge ring 134 is used, the power consumption 
of the zones of the heating element 110 can be controlled scS 
that the energy entering the chamber 100 is more balanced- 
Also, in some implementations, the lamps 111 can use a l^wer 
average power than previously required because the edge ring 
134 absorbs radiation from the lamps more efficiently. As 
such, the SijNi^ layer also can help reduce the occurrence 
of lamp failures. 

The SijNi^ layer 154 also can act as a diffusion 
barrier to prevent metal impurities that may be present in 
the poly-Si layer 152 from contaminating the substrate 106 . 

As described above, the poly-Si and Si3Ni-4 layers 
152, 154 can be formed to cover substantially the entire 
surface of the edge ring 134. In other implementations, 
however, the poly-Si and Si3Ni4 layers 152, 154 need not 
cover the entire surface of the edge ring 134. Thus, the 
poly-Si and SijNi^ layers 152, 154 can be formed on the top 
surface only or the bottom surface only by using appropriate 
masks. For example, if the chamber 100 does not include the 
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reflector 102 to reflect radiation back to the bottom 
surface of the edge ring, the layers 152, 154 can be formed 
on the top surface of the edge ring only. 

FIG. 6 illustrates one implementation for 
manufacturing the edge ring 134. As indicated by step 200, 
a block of Sic is formed, for example, using a chemical 
vapor deposition (CVD) process. Next, as indicated by step 
202, the block of SiC is machined to form an annular ring 
having the desired dimensions of the edge ring 134 . A 
diamond grinding head, for example, can be used to machine 
the Sic block to the desired dimensions. A poly-Si layer is 
grown on the surface of the machined SiC, as indicated by 
step 204. In one implementation, the poly-Si coating is 
grown in an epitaxial reactor at a temperature of 
approximately 1150-1200 'C at atmospheric pressure. 
Alternatively, the poly-Si layer can be formed by a 
deposition process using two masks, one for each of the top 
and bottom surfaces of the edge ring 134. After formation 
of the poly-Si layer, an SijNi^ layer is formed, as 
indicated by step 206. In one implementation, a low 
pressure CVD process is used to grow the SisNi^ layer. In 
general, the edge ring 134 should be kept free of 
contamination and contact with metal as well as bare hands 
and other media which may transfer oils, metals or salts. 
As indicated by step 208, a cleaning process can be 
performed immediately following manufacture of the edge ring 
as well as just prior to insertion of the edge ring in the 
chamber 100. 

Although the specific semiconductor substrate 
support described above is an edge ring 134, a SiC substrate 
with a layer of poly-Si disposed on the SiC and a layer of 
SijNi^ disposed directly on the poly-Si layer can be used as 
the semiconductor wafer support in a susceptor system as 
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well. In such systems, the semiconductor wafer is placed on 
the susceptor support so that the amount of support is 
proportional to the surface area of the wafer. 

Additionally, in many implementations, the edge ring 
134 can have different dimensions from the specific 
dimensions described above. Similarly, the precise shape of 
the edge ring 134 may differ from that shown in FIGS. 3-5. 
For example, the annular shelf or lip 13 5 can have a sloped 
or beveled surface. 

Other implementations are within the scope of the 
following claims. 
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What is claimed is: 

1. A semiconductor wafer support comprising: 
a shelf for receiving a semiconductor wafer, 

the support being formed of a silicon carbide substrate, a 
polysilicon layer disposed on the silicon carbide substrate, 
and a silicon nitride layer disposed on the polysilicon 
layer. 

2. The semiconductor wafer support of claim l 
wherein the support is disposed in a thermal processing 
chamber. 

3 . The semiconductor wafer support of claim 1 
wherein the support is disposed in a semiconductor 
processing chamber. 

4 . The semiconductor wafer support of claim 1 
wherein the polysilicon layer is disposed directly on the 
silicon carbide substrate. 

5. The semiconductor wafer support of claim 1 
wherein the silicon nitride layer is disposed directly on 
the polysilicon layer. 

6- An edge ring comprising: 
an annudar support for receiving a 
semiconductor wafer, the edge ring being formed of a silicon 
carbide substrate having a polysilicon layer disposed on the 
substrate, and a silicon nitride layer disposed on the 
polysilicon layer. 

7. The edge ring of claim 6 wherein the edge 
ring is disposed in a thermal processing chamber. 

- 11 - 



BNSIXXID: <WO 9941773A1_L> 



wo 99/41773 



PCT/US99/02742 



8 . The edge ring of claim 6 wherein the edge 
ring is disposed in a semiconductor processing chamber. 

9 . The edge ring of claim 6 wherein the 
polysilicon layer is disposed directly on the silicon 
carbide substrate. 

10. The edge ring of claim 6 wherein the 
polysilicon layer comprises doped polysilicon, 

11. The edge ring of claim 6 wherein the 
silicon nitride layer is disposed directly on the 
polysilicon layer. 

12 . The edge ring of claim 6 wherein the 
silicon nitride layer is disposed directly on the 
polysilicon layer. 

13 . The edge ring of claim 6 wherein the 
polysilicon and silicon nitride layers cover substantially 
the entire surface of the silicon carbide substrate . 

14 . The edge ring of claim 6 wherein the 
silicon nitride layer has a thickness of less than 2000 
angstroms . 

15. The edge ring of claim 6 wherein the 
silicon nitride layer has a thickness in the range of 1800- 
2000 angstroms. 

16. The ^dge ring of claim 6 wherein the 
polysilicon layer has a thickness of approximately 100 
microns . 
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17. The edge ring of claim 6 dimensioned to 
support a semiconductor wafer. 

18. The edge ring of claim 6 wherein the 
polysilicon and silicon nitride layers form an anti- 
reflective coating . 

19. A method of forming a semiconductor wafer 
support, the method comprising: 

forming a silicon carbide substrates- 
providing a polysilicon layer on the substrate; 

and 

providing a silicon nitride layer on the 
polysilicon layer. 

20. The method of claim 19 wherein forming a 
silicon nitride substrate comprises forming an annular- 
shaped substrate. 

21. The method of claim 19 wherein providing a 
polysilicon layer comprises growing a polysilicon layer in 
an epitaxial reactor. 

22 . The method of claim 19 wherein providing a 
polysilicon layer comprises growing a polysilicon layer 
having a thickness of approximately 100 microns. 

23., The method of claim 19 wherein providing a 
silicon nitride layer comprises growing a silicon nitride 
layer using a chemical vapor deposition process i 

24 . The method of claim 19 wherein providing a 
silicon nitride layer comprises growing a silicon nitride 
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layer using a low pressure chemical vapor deposition 
process . 

25. The method of claim 19 wherein providing a 
silicon nitride layer comprises growing a silicon nitride 
layer having a thickness in the range of approximately 1800- 
2000 angstroms- 

26. The method of claim 19 wherein providing a 
silicon nitride layer comprises growing a silicon nitride 
layer directly on the polysilicon layer. 

27. The method of claim 19 wherein providing a 
polysilicon layer comprises depositing a doped polysilicon 
layer on the silicon carbide substrate. 
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